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,  U.S.  Army  Kedical  Research  and 

Development  Comma nd 
Office  of  .the  Surgeon.  General 

JlJ.  ABJTRACT 

The  objective  of  this  program  was  to  screen  compounds  for  radioprotective  acti¬ 
vity  and  to  obtain  information  on  those  compounds  found  to  have  consistent  activity. 

DRF  studies  v:ere  performed  on  28  compounds  that  consistently  protected  at  least  33!^  of  ■ 
the  mice  exoposed  to  an  otherwise  lethal  dose  of  X-irradiation.  The  compounds  were 
tested  in  combination  with'KEA',, •PAPP-  and  both  protective  agents.  Using  cholinesterase 
and  spleen  weight  changes  as  indices  of  injury,  an  effort  was  made  to  categorize  the 
compounds  as  being  orotective  primarily  against  intestinal  or  hematopoietic  injury. 
Several  agents  from  the  VfRAIR  program  were  tested  for  protective  activity  against  radi¬ 
ation  injury  to  intestinal  or  hematopoietic  tissue  using  the  same  indices.  It  was 
possible  to  select  combinations  protecting  both  tissues.  To  obtain  information  on  the 
metabolic  aspects  of  the  l.TtAIR  compounds  an  esterase  inhibitor  and  a  hepatic  microsome 
enzyme  inducer  were  given  to  mice.  The  toxicity  and  radioprotective  activity  of  the 
compounds  could  be  altered  by  alterations  of  the  activity  of  metabolic  ensyr.es.  The 
protective  activity  of  dithiothreitol  was  found  to  be  due  primarily  to  the  demtro  iso- 
ner.  The  toxicity  of  the  vcUIR  compounds  alone  and  in  combination  with  M2A  ar.d  PA??  • 
an*  with  V2X  alone  was  investigated.  Th?  ’.•'AAIT  compounds  are  of  relatively  low  tori- 
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SUMMARY 

During  tho  first  throo  years  of  this  program  8,000  mis¬ 
cellaneous  compounds  were  screonod  for  radioprotective  activity 
in  mice  given  a  lethal  dose  (?S>0  r  )  of  whole  body  X-irradia- 
tion.  Twenty-eight  of  the  compounds  which  consistently  gave 
at  least  33#  survival  against  a  lethal  dose  of  X-irradiation 
were  subjected  to  more  intensive  study  during  tho  past  four 
years.  Accurate  and  careful  DRF  values  were  determined. 

The  radioprotective  effect  of  the  compounds  was  further  studied 
by  combining  them  with  mercaptoethylaminc  (MEA),  p-ominopropio- 
phenone  (PAPP)  and  both  PEA  and  PAPP.  Biochemical  studies  using 
these  28  compounds  and  intestinal  cholinesterase  activity  and 
spleen  weight  changes  as  indices  of  protective  activity  indica- i 
ted  that  these  agents  did  not  have  selective  protective  action 
on  either  tissue. 

Several  radioprotective  agents  wore  made  available  by  the 
Division  of  Medicinal  Chemistry,  1!RAIR,  synthesis  program  to 
this  program  to  determine  their  activity  in  combination  with 
other  agents.  Of  the  WRAIR  compounds  those  with  the  greatest 
protective  activity  had  an  accelerative  effect  on  the  recovery 
of  spleen  weights  to  normal  after  irradiation.  Using  combina¬ 
tions  of  the  compounds  from  the  screening  program  and  the  WRAIR 
program  it  was  possible  to  select  effective  combinations  using 
cholinesterase  as  an  index  of  intestinal  injury  and  spleen  weight 
as  an  index  of  hematopoietic  injury. 

A  limited  number  of  experiments  on  the  metabolic  aspects  of 
tho  WRAIR  compounds  indicated  that  the  toxicity  and/or  radio- 
protective  activity  of  the  compounds  could  be  altered  by  inhi¬ 
bition  of  hydrolysis  with  an  aliestcrasc  inhibitor,  EPN  (ethyl 
p-nitrophcnyl  phenyl  phosphonothioate )  or  by  stimulation  of  meta¬ 
bolism  with  a  hepatic  microsome  enzyme  inducer,  phenobarbital. 

The  protective  activity  of  the  isomers  of  dithiothroitol  as 
reported  by  other  investigators  was  investigated.  Radioprotective 
activity  was  found  with  tho  d-isomcr  of  dithiothroitol  when  it  was 
given  before  X-irradiation.  Tho  1  fom  and  the  oxidized  forms  were 
not  radioprotective. 

Toxicity  studies  on  the  ^RAIR  compounds  rovealod  that  they 
aro  of  relatively  low  toxicity  to  mice.  Combination  of  those 
compounds  with  both  KEA  and  PAPP  reduced  the  amount  of  tho  WRAIR 
agent  that  could  bo  toloratod  by  mice.  Combination  with  MELA 
alone  revealed  little  additive  toxicity  and  semo  enhancement 
of  the  radioprotoctive  offoct. 
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FORWARD 


Eteri  od  coverodt  January  1,  1971  through  December  31, 

1972  with  background  information  on  the  work  accomplished 
from  April  1,  1965# 

Animal  Experimentation!  In  conducting  the  research  de- 
scribed  in  this  report  th'o  Investigators  adhered  to  the  "Quide 
for  Laboratory  Animal  Facilities  and  Care”  as  promulgated  by 
the  Committee  on  tho  Quide  for  Laboratory  Animal  Resources, 
National  Academy  of  Sciences-National  Research  Council, 
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I.  Introduction 

The  original  objoctivo  of  this  program  was  to  find  now  radio¬ 
protective  chemical  agents.  During  the  first  threo  years  of  the 
program  a  total  of  8,000  miscellaneous  compounds  were  scroonod 
against  radiation  lethality  in  mice  givon  a  lothal  dose  (750  r) 
of  wholo  body  x-radiation  (1),  Of  the  total  number  of  compounds 
scroonod  1*89  or  6,11*'  protoctod  17$  of  a  group  of  6  mice,  157  or 
1,96$  protected  '33$  of  the  mico,  and  82  or  1.02$  protected  more 
than  33$  of  tho  mice. 

The  protective  agents  from  tho  screening  program,  particularly 
those  that  afforded  protection  to  mere  than  33$  of  tho  mice  in  tho 
initial  screening  trial,  formed  the  basis  for  a  smollor  research 
effort  during  the  past  U  years.  Tho  compounds  from  the  screening  pro¬ 
gram  that  gave  the  highest  amount  of  protection  were  retested.  Twenty- 
eight  compounds  that  consistently  provided  at  least  33$  survival  of 
mice  given  an  otherwise  lethal  dose  of  X-ray  wore  subjected  to  more 
intensive  study  (2).  DRF  values  were  determined  for  each  of  these 
compounds.  The  radioprotective  activity  of  the  compounds  was  further 
explored  by  combining  them  with  mcrcaptoethylamine  (rEA  ),  p-amino- 
propiophonone  (PAPP)  and  both  MELA  and  PAPP.  A  group  of  compounds 
from  the  WRAIR  drug  development  program  with  known  ra^ioprotoctive 
activity  was  made  available  for  inolusicn  in  this  program.  Various 
combinations  of  compounds  from  the  screening  program  and  the  special 
V3UIR  compounds  were  studied  to  find  combinations  with  onhancod 
radioprotective  activity.  The  measurements  of . radioprotective  ac¬ 
tivity  of  these  compounds  in  various  combinations  was  rather  oxtonsive 
at  d  they  provided  a-  considerable  number  of  combinations  with  relatively 
high  activity. 

Following  thorough  studies  on  tho  radioprotoctivo  activity  of 
the  compounds  from  the  screening  program  alone  and  in  various  combina¬ 
tions,  emphasis  in  the  program  shiftod  to  a  limited  of fort  doaiing 
with  factors  that  influence  radioprotective  activity,  the  site  of  the 
protective  activity  among  susceptible  tissues,  and  the  toxicity  of 
tho  compounds  (3). 

The  present  report  briefly  summarizes  the  work  done  in  previous 
years  of  the  contract  and  describes  in  greater  detail  research  done 
since  the  last  report. 


II.  ."fate rials  and  Methods 

Adult,  male  CF,  mico  obtained,  from  the  Carworth  Farms  facility 
in  New  City,  New  York  wore  used  for  these  studies.  Tho  mice  were 
1*7  days  old  on  arrival  and  were  kept  under  observation  for  at  loast 
one  week  before  use.  Until  they  were  irradiated  the  mice  were  kept 
in  stainless  steel  cagc6  containing  20  mice  per  cage.  The  mico  were 
fed  Rockland  Laboratory  Chew  and  water  containing  hydrochloric  acid 


to  control  infections.  They  wore  kept  in  animal  quarters  main¬ 
tained  at  a  tempe ••aturc  of  80°  F,  i  2°  Fi  Periodic  bacteriological 
tests  wero  made  on  /he  spleens  of  irradiated  mice  to  rulo  out  the 
presence  of  Pseudomonas  using  glycerol  bro^h  as  a  culture  media 
and  chloroform  extraction  of  tho  pigment. 

The  radiation  exposures  were  administered  with  either  a  General 
Electric  Jfeximar  III  or  a  Keleket  Therapy  Unit  operated  at  250  KVP 
and  15  ma.  The  addod  filtration  consisted  of  0.25  mm,  of  copper  and. 

1  mm,  of  aluminum.  The  focal  skin  distance  was  $6  cm,  but  minor  ad¬ 
justments  wore  made  prior  to  each  radiation  oxposure  period  so  that 
the  dose  rate  was  66,6  r/minuto.  This  uas  checked  before  each  sot 
of  exposures  and  periodically  during  the  exposure  period  with  250  r 
Victoreen  ionization  chambers  which  had  boen  compared  with  a  Bu¬ 
reau  of  Standards  calibrated  cobalt  60  scurce. 

In  the  screening  program  an  approximate  acute  U)£q  for  each 
chemical  agent  was  measured  by  giving  small  groups  of  mice  in¬ 
creasing  dosage  levels  of  each  compound  intraperitoneally.  The 
toxic  symptoms  were  observed  for  several  hours  and  the  mortality 
was  observed  over  a  7-day  period.  The  toxicity  data  were  used  to 
select  Lho  maximum  tolerated  dose  for  the  radiation  protection 
experiments . 

All  of  the  chemical  compounds  wc;  uppliod  by  WRAIR  ar.d  wero 
storod  at  4.5°  F.  to  50°  F.  until  needea.  Each  of  the  chcmicaid  was 
dissolved  or  suspended  in  a  0.1$  carboxymcthylcellulosc  solution 
by  homogenization  prior  to  administration.  The  pH  of  the  homogen¬ 
ate  was  adjusted  to  approximately  7,0  with  either  IN  HCL  or  IN 
NaOH  whon  necessary. 

The  radiation  screening  studies  were  carried  out  by  inject¬ 
ing  six  groups  each  containing  six  mice  with  tho  maximum  toleratod 
dese  and  an  additional  six  nice  with  one-half  of  the  maximum  tolera¬ 
tod  doso  of  each  chemical  15  minutes  prior  to  a  lethal  (LD50/3O  days ) 
dose  (750  r)  of  whole  body  x-irradiation ,  The  two  groups  plus  four 
control  mice,  that  received  only  the  vehicle  for  tho  drugs,  were 
irradiated  simultaneously  and  cagod  together.  The  animals  were  ob¬ 
served  daily  for  a  period  of  30  days  or  until  all  of  the  mice  wore 
dead.  Groups  of  mice  that  exhibited  early  deaths  within  six  dayB 
of  tho  x-ray  exposure  were  rc -tested  either  at  the  same  drug  do¬ 
sage  or  at  a  lower  dose.  Early  deaths  could  be  attributed  to  oither 
chemical  toxicity  or  a  synergistic  effect  of  the  chemical  and 
radiation.  The  mice  wore  individually  placed  in  plastic  centri¬ 
fuge  tubes  during  the  radiation  exposure.  These  tubos  in  turn 
were  positioned  radially-  on  a  rotating  turntable  to  insure  an  even 
distribution  of  the  dose.  The  environmental  tomperature  was  main¬ 
tained  at  approximately  76°  during  the  radiation  exposure. 


The  radiation  orotoction  data  were  koy-punchod  ont-  IBM 
cards  and  run  through  a  sorting  and  error  program  which  used 
the  liiOl  facility  at  tho  computer  center  at  this  institution. 

The  resulting  information  was  taped  and  submitted  periodically 
to  WRA  xk  , 

Prior  to  DBF  studies  on  compounds  from  tho  screening  program 
that  showed  protective  activity  and  studies  on  special  compounds 
from  the  WRAIR  drug  development  program,  it  was  desirable  to  have 
accurate  toxicity  data  on  each  compound.  A  sufficiently  largo 
number  of  mice  (usually  30  to  UO)  were  usod  to  obtain  accurato  dose- 
response  data.  The  IDgo  veIuos  were  calculated  by  tho  method  of 
Finney  (U)  programmed  for  the  IEM  70 9U  computer  by  Oldfield  ot  al. 

(5).  For  the  DHF  studies  at  least  IjO  mico  were  used  for  eacTT’dlTEor- 
mination.  In  each  instance  tho  optimum  time  of  administration, 
which  h  d  been  previously  determined,  and  approximately  2/3  of  the 
HVq  (mg. /kg.)  of  the  drug  were  used.  Varying  x-ray  doses  ucre 
given  and  the  resultant  mortality  was  recorded  for  a  period  of  30 
days  or  until  all  of  the  mice  were  dead.  For  ihe  x-ray  ID^q  deter¬ 
mination  the  same  method  was  used  a a  for  the  toxicity  LD^0  values 
for  the  chemicals.  For  the  combination  studies  approximately  1/3 
of  the  LIW  a  drug  was  given  together  -with  cithor  150  rag. /kg. 

MEA,  20  mf.Ag.  PAPP,  or  150  mg, /kg.  i-EA  and  20  mg. /kg.  of  RAPP. 

Some  experiments  were  done  to  determine  the  type  of  protection 
afforded  by  the  various  chemicals.  For  these  measurements  cholin¬ 
esterase  activity  (6)  of  the  intestine  was  used  to  measure  protec¬ 
tion.  For  these  measurements  groups  of  at  least  h  mice  were  pre¬ 
treated  with  the  drug,  exposed  to  800  r  and  sacrificed  3  days  later. 
Spleen  weight  measurements  were  made  on  mice  given  U00  r  of  x-ray 
2  days  earlier  and  compared  with  irradiated  and  unirradiated  controls. 

The  influence  of  drugs  that  induce  increased  activity  of  hepatic 
microsomal  enzymes  on  the  toxicity  and  radioprotective  activity  of 
the  special  WRAIR  compounds  was  studied  in  mice.  Microscmal  enzjras 
assays  were  conducted  using  methods  previously  developed  in  this  lab¬ 
oratory  (7).  The  two  microsomal  enzyme  assays  were  conducted  using 
methods  previously  developed  in  this  laboratory  (7).  Tho  two  micro¬ 
somal  enzyme  systems  employed  were  the  phosphorothioate  detoxifica¬ 
tion  system  and  O-demethylase .  Both  of  these  enzymes  respond  to  known 
inducing  agents.  Aliesterase  assays  were  done  using  diethylsuccinate 
and  tributyrin  as  substrates  by  the  manometric  procedure  of  DuBois 
et  al,  (8).  Alpha-kotoglutarate  oxidaso  was  measured  by  the  proced¬ 
ure  of  Ackomann(9). 


III.  Results 

Radioprotective  agents  found  during  tho  screening  of  miscellan¬ 
eous  chemicals.  Tho  initial  three  years  of  this  program  were  dovoted 
exclusively  to  the  screening  of  a  wide  variety  of  miscellaneous  chemi¬ 
cal  agents  for  radioprotective  activity.  The  data  obtained  from  the 
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screening  of  8,000  compounds  were  key-punchcd  onto  IBM  cards  and 
the  information  was  taped  and  submitted  to  WRAIR. 

The  overall  total  number  of  compounds  exhibiting  some  pro¬ 
tection  was  728  of  the  8,000  that  were  tested  which  represented 
a  total  percentage  of  9.09$.  Most  of  the  compounds  (L189)  provided 
protection  of  only  1  of  6  mice  against  lethality  from  750  r  of 
x-ray «  Protection  at  the  level  of  33 .3$  (2  of  6)  mice  was  ob¬ 
tained  with  15?  or  1.96$  of  the  compounds  and  82  chemicals  or 
1.02$  protected  more  than  33$  of  the  animals* 

All  of  the  compounds  that  protected  at  750  r  wore  re-tested 
at  the  same  x-ray  dosago  level.  If  protection  was  obtained  again 
they  were  tested  at  800  r.  Of  the  82  compounds  that  protected  mice 
consistently  at  750  r  only  26  of  thorn  wore  also  protective  at  800  r. 
These  28  compounds  were  subjected  to  DRF  studies  and  measurements 
of  their  protecti*fo  activity  in  combination  with  standard  protective 
agents.  The  best  protective  agonts  from  the  screening  program  thus 
served  as  the  basis  for  other  aspects  of  the  program. 

Acute  intrapcritoncal  toxicity  of  radioprotective  agents  from 
the  screening  studios.  In  order  to  proceed  logically  with  a  study 
oFtTic"  protective  activity  of  the  best  compounds  from  the  screen¬ 
ing  program  it  was  advisable  to  obtain  more  accurate  toxicity  valuos 
for  the  compounds. 

Tabic  1  summarizes  the  toxicity  of  the  best  protective  agents 
from  the  screening  program  to  mice, 

Tablo  1 

Acute  Intrapcritoncal  Toxicity  of  Radioprotoctive  Compounds  from 
the  Screening  Trogram  to  Mice 


WR  No. 

Chemical  Nano 

ITo.  of 

Mice 

LDt^O  ±  S.S, 
(mg. /kg.) 

P  51*9 

3-propior.ylindole 

UO 

1U36.U  ±  99.5' 

H  3820 

2 -hyd  roxy-5*^ne  thylan  i  1  ino 

hO 

270.7  +  65.8 

A  7130 

ortho-ominopheno 1 

hi 

623.6  ±  25.5 

D  19860 

2 , 5  -d  in  itrophe  no  .1 

hi 

379.0  +  60.9 

H  1295 

h-hc xen-3-oi 

hO 

U67.7  ±  86,8 

H  51U5 

3-mcthyl  indole 

hO 

21hC,2  ±102,6 

H  2830 

3- ( omoga-nitrovinyl )-indolc 

hi 

3291.1  ±129.0 

-11 


Table  1 

cont , 

WR  No. 

Chemical  Name  \ 

X 

,  >,A 

No.  of 

Mice 

^50  «  S\F'* 
(ftg.Ag.) 

13II15  c 

2  j6-dianino  pyridine  monohy- 
drpchloride 

h3 

132 .2 

t  5.0 

19U26A 

H-benzoylphenyl  hydroxylamine 

55 

b21*b 

+  U9.7 

361  M 

2-aminoothanethiol  sulfuric 
acid  sodium  salt 

bo 

1103 .9 

i  U2.8 

5Ubl  A 

N-lauryl  sulfolone-3-sulfonate 

b2 

h08.8 

t  2  9.6 

60h0  C 

3  #b-dibromosulf  olone 

35 

b59  .b 

+  11.3 

9217  A 

M-sulf inyl-p-anis id ine 

36 

b62 ,3 

±  37.3 

59082A 

p-aminophenyl  trifluoro- 
methyl  ether 

39 

50.2 

±  b.8 

707  B 

U-ainino-2 ,1,3-ban.zcthiodiazole 

b6 

325.8 

±  28.5 

U150  B 

barium  undecylenate 

U1 

171  Jk 

i  6.b 

872  E 

barium -d-gluconate 

39 

12b. 0 

±  13.3 

3966  D 

diphenyldisulf  ide-2 , 2'TKiioar- 
boxylic  acid  v 

b8 

18b9 .8 

i  69  .b 

6b  31  B 

benzolazine 

hi 

1532 .0 

i  bl.3 

1U68UB 

b-hydroxy-3-rmethcaty  benzyl- 
omino  hydrochloride 

36 

1390.9 

i  2b *2  , 

16059  C 

di-n-butyl  carbinol 

bO 

1206 ,b 

+110  .b 

12962  D 

5-chloro-2-hydroxy  aniline 

36 

252,1 

+  10.2 

2b02bA 

3-napthylmethyl-l  - 
imidazolino  nitrate  . 

36 

61 JU 

+  8.0 

28b70  A 

bis (diglymc)s odium  hexa- 
carbonyl-  vanadate 

3b 

bb.U 

+  2.b 

2822  D 

S-2-  (h-amlnobutylamino ) 
ethyl  phosphorothioic  acid 

3b 

38b  .7 

+  lb  .6 

2823  B 

S-2(5-aJtninopontylamino)  ethyl 
phosphorothioic  acid 

35 

303.7 

+  23.2 

-  12  - 

Tablo  1  cent. 


VJR  No. 

Chemical  Name 

No,  of 

LDv.  +  S.E. 
(M§.?kg.) 

Mico 

U1U  A 

diethylammonium  diethyl- 
dithiocarbamato 

1*2 

959.9  +  35.8 

lullSl  B 

monoethyl  fumarate 

3B 

*3  +  37.6 

DRF  values  for  compounds  from  screening  studies.  Following  completion 
of  the- toxicity  measuix^iients  ~tfie~I)RF  "values ~\ic re  determined  on  the  compounds 
(2).  Preliminary  teste-  were  done  with  each  compound  to  determine  the  opti¬ 
mum  time  of  administration  before  the  radiation  exposure  and  the  maximum 
tolerated  doses  of  the  agents.  The  x-ray  LD^q  for  the  drug-treated  animals 
divided  by  the  LDtg  for  irradiated  controls  givefi  the  DRF  for  a  particular 
compound.  Table  2  shows  the  radioprotective  activity  of  27  compounds  from 
the  screening  program. 


Tablo  2 

Radioprotective  Activity  of  Chemical  Compounds  from  Screening 

Studies 


Compound  No. 

No.  of 
Mice 

Dose  of  Time  of  admin. 
Chemical  of  chemical 
(mg.Ag.)  before  x-ray 
(min. ) 

+  S#E* 
(roentgens) 

DRF 

Control 

33U 

— 

— 

525  Uu  ±  7.8 

— 

P5159 

75 

600 

15 

580.3  1  69.1 

1.11 

H3820 

120 

150 

15 

613.0  ±  55  Ui 

1.22 

A  7130 

112 

600 

30 

61*5.1  ±  23.5 

1.28 

D 19860 

75 

200 

0 

651*  .2  I  23.1 

1.25 

H1295 

1*8 

600 

30 

562.2  *  1*6.3 

1.12 

M51l*5 

65 

700 

15 

705.1*  +  3U  .1 

1.31* 

N2330 

60 

300 

15 

671*  .3  i  18.6 

1.29 

13U15C 

U7 

50 

15 

686 .9  i  1*6 .1* 

1.31 
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Table  2  cent. 


Compound  No# 


l?liC8A 
UU 
361M 
5W1A 
60b  oc 

9217A 

5908 2A 

707B 

U50B 

872E 

3966D 

6^31B 

Ui68itB 

16059C 

12962 D 

28U70A 

2U02U 

2822D 

2823B 


No#  of  Dose  of  Time  of  admin.  ID,--  +  S.  E. 
Mice  chemical  of  chemical 

(mg. /kg.)  before  x-ray  (roentgons) 
_ _  (min.) _ 


65 

300 

30 

63 

600 

0 

72 

350 

0 

U2 

100 

30 

72 

100 

15 

61* 

1*00  . 

0 

75 

20 

15 

96 

100 

15 

67. 

•  75 

0 

57 

100 

30 

67 

600 

15 

69 

Uoo 

15 

71 

500 

30 

53 

800 

15 

69 

125 

0 

75 

50 

0 

6h 

75 

15 

72 

250 

30 

835.7  *  73.8 

626.8  *  33.9 
71*1.1  ±  30.2 
51*5 .9  t  85.6 

669.7  ±  18.3 

665.5  £  13.1 

695.8  +  17.7 
70l*.6  *  19.3 

660.9  ♦  32.6 

661iJi  ♦  22  J. 

656.2  ♦  111  .2 
655  J*  *  16.5 

621.7  i  11*  .2 
55U.7  2  86.7 

787.9  ♦  25.3 

8814.5  *  31.8 

790.8  ±  21.7 

797.8  +  33.2 
782.1  *1*5.1 


DRF 


1.59 

1.20 

1.1*1 

1.03 

1.28 

1.27 

1.33 

1.3U 

1.26 

1.27 

1.25 

1.25 

1.18 

1.07 

1.50 

1.69 

1.50 

1.52 

1J*9 


72 


200 


30 


Compound 

Control 

MEA 

P51S9 

H382C 

DI986O 

*4295 

N2830 

19l*28A 

U*1*51B 

i*ll*A 


f  ' Tbc  data  In  Table  2  show  that  the  protective  activity  cf  most 

of  those  compounds  Which  was  observed  in  the  initial  sickening 
tests  ms  confirmed  by  the  ERF  studios.  The  hipest  ERF  value 

by  th®  usa  of  those  compounds  alono  was  1.6?  for  bis(diglymc) 
hexacarbony1  vanadate.  The  ERF  values  for  10  other  c ern-*^ 
?lurfS  r°  °r.r  1*30,  ’-different  chemical  classes  werTin- 

?g^C  comP°^nds  that  Provided  substantial  protection 

azoles  thiaznlo^  aniJinc^  phosphorothioates,  phenols,  sulfones, 
azoles,  thiazoles ,  carbamates  and  two  baritm  salts. 

_ P^L-VoTues  for  compounds  from  radiation  screening  studies 

fecEg rJu ^  or  *BA  plus' FA  PP.  Additional 

^  ril0n  fvthcactivW  oi  compounds  "from  the  screen- 
combinaf  i  m  k °b J & by  studyitl6  their  protective  activity  in 

the^adionrJ^J-3^^1^  radioI*<’toctivo  agonts .  Table  3  summarizes 
ioprotective  activity,  expressed  in  toms  of  DRF  valueo .  for 

each^nstanc/th*  th°  Scrf?ni"g  Pr08rar,i  in  •onbination  with  MEA.  In 

pound  v  Sama  ^  ^al  f°r  a^inistration  of  the  com- 

S  15^wJTr  WaS  USS  ‘  Th°  m  WL3  admdnistcrod  between  10 

other  ^  X“my  CXp°SUro  ,at  150  ng*Ag«  The  doses  of  the 

ncr  chemicals  were  approximately  1/3  of  the  Ip^0, 

Table  3 

Radioprotective  Activity  of  Combinations  of  Chemical 
Compounds  from  Screening  Studies  and  MEA  (150  ng.Ag.) 


i’o.  of 
Mice 

Dose  of 
chemical 

Tine  of  adnin. 
of  chemical 

^$0  t  S.E. 

DRF 

(rng.Ag, 

)  before  x-ray 

(roentgens ) 

- -  _  , 

— - - - 

..  .(min.) 

33U 

— 

— 

525.1*  i  7.8 

61 

150 

15 

•  695.1  +  18.5 

1.32 

1*3 

!*oo 

15 

1022 »b  t  87.1 

1.95 

1*8 

90 

15 

997.0  ±  31.5 

1.90 

hi 

125 

0 

1031.7  +  65.2 

1.97 

1*8 

300 

■  30 

630.6  +15.7 

1.58 

1*0 

150 

15 

778.6  ♦  23.3 

1.1*8 

1*5 

11*0 

30 

9hbJi  t  27.0 

1.79 

Lib 

165 

30 

630.7  t  1.58 

1.58 

51 


870 


1  r,  1 


300 


0 


15 


Table  3  cont. 


- n t 

Compound  No,  Mice 

of  Bose  of 
chemical 
(mg.Ag.) 

Time  of  admin, 
of  chemical 
before  x-ray 
(min . ) 

LDcjq  st  S  « 
(roentgens) 

DRF 

$1*1*1A 

1*8 

50 

30 

700.3 

±  1 9.9 

1.33 

361M 

1*8 

175 

0 

921*  .9 

i  19.5 

1.76 

60U0C 

1*5 

50 

15 

730.3 

i  16.7 

1.39 

921 7A 

1*6 

150 

0 

885.8 

+  20.7 

1,68 

59082A 

1*7 

10 

15 

1151*  .0 

+  66.6 

2.20 

707B 

62 

50 

15 

938.2 

i  11.9 

1.78 

I»1$0B 

1*7 

50 

0 

785.9 

*  18.3 

10*9 

872E 

1*2 

1*0 

30 

896.1 

±  27.6 

1.70 

3966D 

1*1* 

300 

15 

789.8 

*  21.9 

1.52 

6U31B 

1*8 

200 

15 

796.3 

t  22. ,1* 

1.51 

160$9C 

52 

l*oo 

15 

821*  .9 

±  11.2 

1.57 

12962D 

1*0 

80 

0 

9 87.3 

i  51*  #5 

1.88 

28U70A 

1*8 

15 

0 

720.2 

±  60.3 

1.37 

2L02kf. 

69 

20 

15 

897.7 

±  80* 

1.71 

2822V 

1*7 

125 

30 

903.1* 

+  21.2 

1.71 

28233 

1*8 

100 

30 

800.0 

A  17.3 

1.68 

ihe  lowest  DRF  value  obtained  for  the  combination  of  chemicals 
wa6  1.33  and  l?  of  the  compounds  exhibited  a  DRF  value  greater 
than  1,50.  The  DRF  for  MEA  alone  at  the  reduced  dosage  level  em¬ 
ployed  in  these  experiments  was  1.32.  Only  throe  of  the  compounds 
with  DRF  values  ovor  1.0  when  tested  alone  did  not  provide  more 
protection  in  combination  with  MEA  than  was  obtained  with  MEA  alone. 
DRF  valuos  of  1.7  or  greater  were  obtained  with  11  of  the  combina¬ 
tions.  Fivo  of  those  combinations  were  of  particular  interest.  The 
DRF  values  for  these  compounds  in  combination  with  MEA  were  as 
follows:  p-aminophenol  trifluorcmethyl  ether  2.2,  2,5-dinitrophenol 
1.97,  3-propionylindolo  1.9$,  2-hydroxymethyl  aniline  1,90,  and 
5-chloro-2 -hydroxy  aniline  1.88, 
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Table  U  summarizes  the  radioprotective  activity  expressed 
in  terms  of  DRF  values  for  compounds  given  in  combination  with 
_PAFP.  Tho  optimum  timo  of  administration  of  each  drug  as  deter¬ 
mined  previously  was  used  for  these  oxporimonts,  The  RfcPP  was 
given  at  a  doso  of  20  mg.Ag.  10  to  15  minutes  bof  ore  x-ray  ex¬ 
posure  .  Approximately  1/3  of  the  DVq  of  oach  drug  from  the 
screening  program  was  usod. 


Table  U 

Radioprotoctivc  Activity  of  Combinations  of  Chemical  Compounds 
from  Screening  Studies  and  RflPP  (20  mg, /leg.) 


Compound  No. 

No,  of 
Mico 

Dose  of 

chemical 

(mg.Ag.) 

Time  of  admin, 
of  chemical 
bofore  x-ray 
(min.) 

ld5o  ±  S.E, 

(  roentgens) 

DRF 

Control 

33U 

— 

— 

525.U  ±  7.8 

— 

PAPP 

71 

20 

15 

8U8.3  i  17.U 

1.61 

r5i59 

U7 

Uoo 

15 

8U8.7  ±  2U.5 

1.61 

113820 

uo 

90 

'  15 

1073.1  ±  52.2 

2.0U 

A  7130 

hh 

200 

30 

8U0.1  +  1U.9 

1.60 

D19860 

U6‘ 

125 

0 

999  Ji  ±  21,7 

1.90 

KL295 

LO 

300 

30 

955.9  ±  27.5 

1.82 

M51U5 

h2 

350 

15 

639.3  +  37.8 

1.60 

131415C 

h9 

25 

■  15 

879,9  +  32.8 

1.68 

19U28A 

ho 

ll*0  . 

•  30 

821.?  t  61,1 

1.56 

1UU51B 

hO 

165 

30 

835.5  i  22.7 

1.59 

UlUA 

5U 

300 

0 

1097.9  +  28.2 

2,09 

361M 

UO 

175 

0 

952.0  +  39.5 

1.81 

5UU1A 

U5 

50 

30 

817.6  t  27.2 

1.56 

59082A 

UU 

10 

15 

99U.U  ±  UU.8 

1.89 

707B 

UO 

50 

15 

1033.6  ±  50.2 

1.97 

U50B 

U6  . 

50 

n 

8U3.1  i  2U.2 

1.60 
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Table  U  cont. 


Compound  No, 

No.  of 
Mico 

Dose  of 

chonical 

(mg.Ag.) 

Timo  of  admin. 

of  chomical 
before  x-ray 
(min.) 

UDjO  *  S.E. 

(roentgers) 

DRF 

S72E 

hi 

ho 

30 

8P0.li  4  20. h 

1.67 

3966D 

h6 

300 

15 

870.8  *  18.7 

1.66 

6U31B 

hi 

200 

15 

860.9  ±  17.1 

1.63 

16059C 

1*6 

hOO 

15 

820.0  ±  16.6 

1.56 

12962D 

hi 

80 

0 

910.0  4  h8.2 

1.73 

28U70A 

hO 

15 

6 

92U.6  4  25.2 

1.76 

2U02U 

U6 

29 

15 

783.8  4  2h.h 

l.li9 

Significant  increases  in  the  DRF  values  were  obtained  with 
sovoral  combinations  of  the  compounds  with  PAPP*  The  bost  pro¬ 
tection  in  terms  of  DRF  values  was  as  follows;  diethylnmmonium 
diothyldithiocarbomato  2.09,  2 -hyt  • r oxy-5 -me t nyl  aniline  2 .Oh,  h- 
amino-2 ,1,3-benzothiadiagolci  1.97,  2,5-dinitrophcnol  1.90,  and 
p-nminophcnyl  triflu oromothyl  other  1.89.  A  few  other  compounds 
gave  DRF  values  that  exceeded  the  value  for  PART  alone . 

Table  5  shows  the  rcsultB  obtained  with  tho  chemicals  from 
the  screening  program  given  at  their  respective  optimum  times  and 
at  1/3  of  the  ID^Q  in  combination  with  MEA  (150  mg.Ag.)  givon  15» 
minutes  before  x^ray  and  PAPP  (20  mg.Ag.)  given  13  minutes  before 
x-ray  exposure. 


Table  5 

Radioprotective  Activity  of  Combinations  of  Chemical  Compounds 
from  Screening  Studies  and  MEA  and  PAT? 


Compound  No. 

llo.  of 

iliCO 

Dose  of 
chomical 

(mg.Ag.) 

of  chemical 
.before  x-ray 
(min.) 

ID^o  ±  S.E. 

(roentgens ) 

DRF 

Control 

33 h 

— 

— 

525. h  4  7.8 

— 

MEA  and 

PAPP 

19 

150 

20 

15 

1$ 

1132.3  +  66.5 

2.15 

F5159 

hh 

hOO 

15 

921.6  +  23.0 

1.76 

Tablo  5  cont 


Compound  Ko. 

it or 

Mlco 

or  Dose  oi' 
chemical 
(mg.Ag.) 

Time  or  Ad u in  . 
of  chqmical 
boforo  x-ray 
(min. ) 

^50  ±  S*oE* 

DRF 

H3820 

1*5 

90 

15 

122 7. U  ±  1*1.2 

2.31* 

A  7130 

1*0 

200 

30 

1107.1  1  39.8 

2.10 

DI986O 

U8 

125 

0 

1328.5  ±  51*  .0 

2.53 

N2830 

1*5 

150 

15 

1153.7  *  51* .8 

2.19 

13U5C 

ill 

2S 

15 

1176.3  i  1*9.9 

2.21* 

191425A 

61* 

11*0 

30 

1272.1  *  30.5 

2  M2 

U*l*5lB 

68 

165 

30 

1185.7  +  20.2 

2.26 

ull*A 

51 

300 

0 

1311.1  ±  12.1 

2.1*9 

361K 

1*2 

175 

0 

101*1.9  ±  33.8 

1.99 

6OI4OC 

SI 

50 

If 

1268.0  ±  37.1* 

2.1*1 

9217A 

1*0 

150 

0 

101*7.3  i  55.0 

1.99 

59082A 

1*0 

10 

15 

1063.7  i  50.6 

2.02 

707B 

1*0 

So 

15 

951*  .1  +  29.8 

1.81 

14150B 

1*0 

50 

0 

1121.1  +  1*9  J* 

2.13 

872E 

1*2 

1*0 

30 

1261.0  +  1*8.1 

2  J*0 

3966c 

1*2 

300 

15 

993.5  +  23.7 

1.89 

12962D 

1*0 

80 

0 

1026.5  *  1*8.3 

1.96 

281470A 

1*1* 

15 

0 

880.1  +  28.0 

1.67 

2U02U 

1*8 

20 

15 

911*  .9  ±  35.9 

1.71* 

2822C 

1*9 

125 

30 

1718.9  +121.7 

3.27 

2  82  2D 

65 

125 

30 

I638. 6  +  62.5 

3.12 

2823D 

1*7 

100 

30 

1151.0  i  80.0 

2.19 

19 


In  all  instances  the  DRF  values  ircro  greater  than  for 
MEA  and  PAPP  (2.15)  which  v;as  the  control  for  this  experiment. 

The  greatest  protective  offcct  was  obtained  with  S-2-(ii-amino- 
butylamino )othyl  phosphorothioic  acid  in  combination  with  MEA 
and  PAPP.  Two  successive  trials  with  this  combination  gave  DRF 
values  of  3*27  and  3*12. 

Biochemical  measurements  of  radiation  protection  to  the 
spleen  ancf'infcostin'e' lay  protective  agents  from  the  screening 
program.  The  most  desirable  combinations  of  protective'  agents 
would' consist  of  agents  that  protected  different  organ  systems. 

An  attempt  was  mado  in  this  program  to  obtain  some  direct  in¬ 
formation  on  the  protective  effects  of  various  compounds  on  the 
spleen  and  intestino.  Spleon  weights  were  usod  as  a  measure 
of  protection  to  that  organ.  Cholinesterase  measurements  on  tho 
jejunum  could  be  used  to  measure  intostinal  injury  because  the 
cholinesterase  activity  is  localized  in  the  mucosa  and  the  activity, 
of  tho  jejunum  decreases  when  the  mucosa  is  destroyed  by  radiation  # 
Spleen  weights  were  measured  in  mice  at  2  days  after  A  00  r  and 
cholinesterase  measurements  vrero  made  at  3  days  after  800  r.  Most 
of  the  compounds  afforded  protection  to  the  sploon  and  the  intes¬ 
tine.  An  occasional  compound  protected  one  system  to  a  signifi¬ 
cantly  greater  extont  than  tho  other  system.  N2830  [3- (omega - 
nitrovinyl)~indole]is  an  example  of  this  effect  since  it  provided 
much  more  protection  to  the  intestine  than  the  spleen.  However, 
these  measurements  indicated  that  tho  compounds  did  not  have  a 
selective’ action  on  one  or  the  other  tissue.  Compounds  with  a 
marked  protective  effect  on  the  intostine,  for  example,  could  be 
used  effectively  in  combinations  since  it  is  frequently  the  in¬ 
testinal  daiaago  that  limits  the  protective  activity  of  chemical 
agents.  An  experiment  was  performed  on  tho  best  combination 
(WR  2822, 'MEA,  and  PAFT.Xised  in  these  studies.  This  combination 
appeared  to  provide  more  protection  to  the  intestine  than  tho  spleen 
which  probably  oxplains  its  ability  to  protect  against  mortality 
at  doses  where  intestinal  injury  prevents  survival. 

Protective  effect  of  WRAIR  compounds  against  hematopoietic 
injury  as  measured  by  spleon  weights .  Several  ot  the  best  radio- 
protective  agents'  from  tho  WRAIR  synthesis  program  were  made 
available  to  this  program  to  determine  their  offsets  in  combina¬ 
tion  with  other  agents.  Some  of  those  studios  have  boon  summarized 
(3)  in  a  previous  sumnary  report  and  will  be  doscribod  only  briofly 
hero. 


Soveral  of  tho  'WRAIR  compounds  wore  given  to  irradiated  mice 
and  tho  splocn  weights  wore  measured.  The  results  of  measurements 
of  spleen  weight  at  intervals  during  tho  first  6  days  after  irradia¬ 
tion  indicated  that  the  various  protective  agents  had  somo  influence 
on  the  amount  of  hemapoietic  injury  caused  by  radiation  but  tho 
greatest  cffoct  was  an  acceleration  of  tho  rate  of  recovory  of  tho 
spleen  woight  to  normal.  Tho  compounds  with  tho  greatest  radiopro- 
toctivc  activity  showed  tho  most  rapid  return  of  spleen  woights  to 
normal. 
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Several  of  the  URAIR  compounds  were  tested  in  combination 
with  agents  from  the  screening  program.  In  the  selection  of 
combinations  for  this  experiment  an  attempt  was  made  to  select 
agents  that  would  provide  more  protection  against  both  the  hema¬ 
topoietic  and  intestinal  injury  than  was  obtained  with  either 
agent  alone.  However,  as  indicated  above  there  was  no  striking 
differonco.  among  any  of  tho  protoctivo  agents  used  in  this  program 
in  their  protective  effects  on  the  sploon  and  intestine,  Tablo  6 
summarizes  the  radioprotoctivo  activity  oi  combinations  of  special 
vrRAIR  compounds  and  orotcctive  agents  from  the  screening  program. 


Table  6 

Radioprotective  Activity  of  Combinations  of  Special  WRAIR  Compounds 
and  Protoctivo  Agents  from  the  Screening  program 


t/RAflt  Special  Comp oun3~  ,"JRA~5r~Scrc~cning  Compound  ±  S.E, _ DRF 


Ho. 

Dose 

(mgAg.) 

l’o. 

Dose 

(mg.Ag.) 

(r: 

) 

2721 

500 

H3820 

90 

788.3 

i  Ui.U 

1.59 

2721 

250 

70  7B 

50 

°3)  .6 

±  56.9 

1.93 

2721 

2^0 

IiEA  +  PAPP  150-20 

1205.li 

±12U.1 

2.UU 

2529 

500 

MEA  +  PAPP  150-20 

1073.3 

+109.3 

2.17 

2529 

500 

12962D 

63 

8lli.9 

t  25.3 

1.65 

2529 

500 

19k28A 

150 

907.3 

+  58.1 

1.83 

2529 

£00 

■70  7B 

50 

900.0 

i  32.8 

1.82 

2823 

100 

19U28A 

150 

709.3 

±  52.1 

l.h3 

638 

250 

361M 

175 

800.0 

i  65.3 

1.61 

638 

2$0 

12962D 

63 

768.7 

±  52m 

1.33 

6)8 

230 

872E 

50 

830.7 

+  37.ii 

1.68 

6)8 

250 

5 908 2 A 

10 

989.3 

*  7U.9 

2.00 

6)8 

250 

19U20A 

mo 

9U9.3 

±  52.0 

1.92 

hh92) 

200 

872E 

50 

808.2 

+  37.2 

1.63 

hh92  3 

200 

U50B 

37 

781  Jk 

±  37.8 

1.58 

kh92) 

200 

13U5C 

25 

868.8 

t  30.3 

1.75 

hL923 

200 

I986OD 

100 

862.5 

±  23.5 

l,7ii 

hh92  3 

200 

28U  70A 

15 

1075 .6 

±  56  .U 

2,18 

The  data  in  Tablo  6  show  that  several  'of  tho  combinations 
of  compounds  from  the  screening  program  and  special  1JRAIR  compounds 
or  standard  radioprotective  agents  provide  an  appreciable  amount 
of  radioprotection.  Thus  when  WR  2721  and  WR  2$29  were  combined 
with  iiEA  and  RAPP  the  DRF  values  exceeded  2.0.  when  the  phosphoro- 
thioato,  WR  638,  was  combined  with  the  fluorinated  other  (59082A) 
the  DRF  was  2.0.  Using  cholinesterase  measurements  as  a  measure 
of  intestinal  injury  and  spleen  weights  as  c  measure  of  hemato¬ 
poietic  injury,  the  ether  was  more  protective  to  the  spleen  and 
UR  638  was  more  protective  to  t he  intestine.  Several  of  the  other 
combinations  provided  more  protection  than  was  obtained  with  either 
compound  alono.  The  results  of  this  study  demonstrated  that  it  is 
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possible  to  soloot  effective  combinations  using  cholinesterase 
as  a  measure  of  intestinal  injury  and  spleen  weights  as  a  mea¬ 
sure  of  homatopiotic  injury* 

Factors  affeoting  the  radioprotective  activity  of  WRAIR 
compcunHsT '  Seme  experiments  woro  conducted  to  determine  whether 
W!l\ IR  prot o ctive  ngonts  undergo  metabolic  change  prior  to  exerting 
their  activity.  It  is  known  that  the  phosphorothioic  acid  deriva¬ 
tives  and  tho  sulfuric  acid  derivatives  must  be  hydrolyzed  to 
yield  the  free  sulfhydryl  group  for  radioprotective  activity*  How¬ 
ever,  there  is  no  information  concerning  other  motabolic  changes 
that  might  affoct  activity.  To  obtain  some  information  along  this 
line  experiments  were  conducted  in  which  the  activity  of  oxidative 
hepatic  drug-metabolizing  enzymes  v?orc  altered  by  administration 
of  an  enzyme  inducing  agent  (phenobarbital)  or  on  esterase  inhibi¬ 
tor.  Tho  ostorase  inhibitor  usod  forthis  study  was  ethyl  p-uitro- 
phonyl  phosphonothioctoj  (EFN)  which  is  a  cholinesterase  inhibitor* 

Mico  wore  treated  with  phenobarbital  (50  mg. /kg. /day)  for  5  days. 

This  treatment  is  known  to  cause  marked  induction  of  hepatic  micro¬ 
somal  onzyncs  (10).  At  one  day  after  the  last  dose  of  phenobarbital 
tho  toxicit7  of  lh  special  WRAIR  compounds  was  measured.  Similarly 
toxicity  moasuroments  woro  mado  on  mico  pretrert,.>d  with  EPN  (h.8  mg./ 
kg  .)  given  in  a  single  dose  2h  hours  earlier. 

The  toxicity  of  two  of  the  compounds  was  substantially  reduced 
by  pretreatment  of  the  mico  with  phenobarbital.  They  were  thiosul- 
furic  acid  S-2-(U-(p-mcthaxyphenyl)-butyl)amino)ythyl  ether  (TO  30 $0) 
and  N-ciecyluminocthanethlosulfuric  acid  (TO  1607).  These  two  com¬ 
pounds  are,  therefore,  detoxified  by  hepatic  microsomal  enzymes.  Al¬ 
though  some  other  members  of  the  group  may  undergo  metabolism  cata¬ 
lyzed  by  thoso  enzymes  tho  toxicity  of  tho  end-product  doos  not  differ 
appiociahly  from  that  of  tho  parent  compound. 

When  mice  were  treated  with  an  aliesterase  inhibitor  2li  hours 
before  administration  of  the  radioprotective  agent  tho  toxicity  of 
1VR  26?1,  2U96,  29 50,  and  1607  was  rather  markedly  increased ,  A 
smaller  increase  in  toxicity  was  observed  with  361  K,  1618  D,  23h7, 

3050,  and  2822,  Tho  results  of  these  measurements  indicated  that 
the  esterases  that  are  inhibited  by  EPN  probably  function  to  hy¬ 
drolyze  tho  group  that  covers  tho  sulfhydryl  group  of  the  protective 
agent.  In  thoso  cases  whore  the  toxicity  of  the  compound  was  in¬ 
creased  by  EPN  it  appears  that  the  unhydrolj'zcd  parent  compound  is 
more  toxic  than  the  aminothiol  dorivativo. 

Those  agents  whose  toxicity  was  affoctod  by  phenobarbital  or 
EFN  were  subjected  to  further  tests  to  dotomino  whether  the  radio¬ 
protective  activity  was  also  altered  by  the  drug.  The  increased 
toxicity  of  TO  2li96,  TO  23^7,  and  TR  1607  to  EPM-trcnted  mice 
necessitated  reduction  of  tho  doso  administered  in  the  radiopro- 
tcction  studios  as  compared  with  controls.  The  radiation  protection 
appeared  to  bo  the  sane  as  in  controls  given  the  some  doses  of  the  drugs. 
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However,  if  the  apparent  increased  toxicity  of  radiation  due 
to  EPN  treatment,  as  evidenced  by  a  DRF  of  0.76  is  taken 
into  consideration  it  may  be  concluded  that  the  protective 
effect  was  greater  than  was  obtained  in  controls  given  the 
same  dose  of  radiation. 

In  mice  pretreated  with  phenobarbital,  the  toxicity  of 
VJR  3050  was  reduced  but  the  radioprotective  activity  was  the 
same  as  in  the  controls.  The  results  obtained  with  WR  1607, 
whose  toxicity  was  also  reduced  by  phenobarbital,  were  similar 
to  those  obtained  with  ifR  3050  in  that  the  radioprotective  ac¬ 
tivity  was  no  different  from  controls  at  an  equivalent  dose. 
Phenobarbital  thus  causes  some  metabolic  change  in  these  com¬ 
pounds  in  toxicity  without  a  decrease  in  radioprotective  activity. 

Radioprotective  activity  of  miscellaneous  chemical  agents. 

A  minor  aspect  of  this  program  has  been  to  determine  whether  re- 
ports  of  radioprotective  activity  among  various  chemical  agents 
can  be  verified  under  our  conditions  of  measuring  radioprotection. 

One  interesting  report  (11)  involved  the  radioprotective  activity 
of  dithiothreitol.  Falconi  et  al.  (11)  reported  that  this  com¬ 
pound  had  protective  activity  an H  that  the  oxidized  form  of  this 
compound  had  higher  protective  activity  than  the  reduced  fonn.  In 
a  later  report  (12)  those  investigators  presented  evidence  that  re¬ 
duced  dithiothreitol  (120  mg.Ag.)  increased  survival  from  5.6?  to 
29.0%  after  625  r  and  that  the  same  amount  of  protection  could  be 
obtained  if  the  compound  was  given  up  to  2li  hours  after  irradiation. 
The  oxidized  form  at  200  mg. /leg,  exhibited  greater  protective  ac¬ 
tivity  (56?  survival)  than  the  reduced  fom  when  given  before  irra¬ 
diation  and  U6?  survival  was  obtained  when  the  compound  was  given  as 
late  as  2I4.  hours  after  irradiation.  The  postradiation  protective 
effect,  the  greater  protection  by  the  oxidized  form  than  the  re¬ 
duced  form,  and  the  absence  of  an  amino  group  in  the  structure  makes 
dithiothreitol  unique  among  radioprotective  agents. 

To  ascertain  whether  the  protective  effect  of  dithiothreitol 
could  be  confirmed  under  our  experimental  conditions,  experiments 
were  done  in  which  the  oxidized  and.  reduced  forms  of  the  compound 
were  given  to  mice.  Dithiothreitol  was  kindly  supplied  by  Dr.  Marvin 
Carmack,  Department  of  Chemistry,  University  of  Indiana.  The  dextro 
and  lcvo  forms  of  dithiothreitol  vx-re  supply  d  as  v;ell  as  the  dextro 
and  levo  forms  of  3jU-dihydroxy-l,2-c]ithiant  vhich  is  the  oxidation 
product  derived  from  the  two  dithiols. 

The  acute  toxicity  of  the  five  compounds  to  mice  is  summarized 
in  Tabic  7  where  it  may  be  seen  that  the  oxidized  form  of  the 
optical  isomers  of  dithiothreitol  exhibit  the  least  toxicity  of 
the  five  compounds.  It  is  of  considerable  interest  that  there  is 
a  significant  difference  between  the  toxicities  of  the  d  and  1 
fortns  of  dithiothreitol.  The  toxicity  of  the  commercially  available 
racemic  nixture  more  closely  resembled  that  of  its  more  toxic  enan¬ 
tiomeric  component,  when  toxic  doses  of  either  the  d  or  1  forms  of 
the  compound  were  given  the  resulting  symptoms  were  the  same.  They 
consisted  of  hyperexcitability  progressing  to  convulsions  v:hcn  lethal 
doses  were  administered.  Symptoms  appeared  within  10  minutes  arxi 
death  occurred  within  one  hour  after  lethal  doses. 
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Tabic  7 

Acute  Toxicity  of  Dithiothroitol  and  its  Oxidation  Product 

to  Mico 


Compound 

No,  of  Mice 

IJj^q  •  S#E« 
tmg./kgO 

Racemic  dithiothroitol 

'  70 

169,0  +  2.? 

L-dithiothrcitol 

36 

179.0  +  la  ,2 

D-dithiothreitol 

Sk 

2 Sh.9  ±  8.5 

oxidized  L-dithiothreitol 

2h 

U10.0  +  20.2 

oxidized  D-dithiothreitol 

20 

h35.0  i  19 Ji 

Investigation  of  the  radioprotective  effect  of  dithio- 
threitol  showed  that  d  fora  protected  mice  against  an  other¬ 
wise  lethal  dose  of  x-radiation.  Maximal  protection  was 
achieved  by  administration  of  doses  of  200  mg.Ag,  Signifi¬ 
cant  protection  could  be  obtained  with  a  dose  of  150  mg.Ag. 
The  protcctivo  effect  of  this  isomer  is  summarized  in  Table  8, 


Tabic  8 

Radioprotective  Activity  of  d-Dithiothreitol  (DTT) 


TTcHc  ofd-DTT 

<>■'?.*  kg.) 

'Time  of  DTT  admin, 
before  x-ray 
(min, ) 

Dose  of 
x-ray 
(r) 

Mortality 

- r - — 

Mortality 

~~T7X 0 

W - 

600 

5  A0 

50 

625 

9A0 

90 

650 

10A0 

100 

700 

io  Ao 

•>o 

— 

— 

750 

loAo 

100 

oO 

10  ‘ 

62T 

9710 

90 

120 

10 

625 

9/10 

90 

i5o 

10 

625 

7/10 

70 

150 

10 

650 

iiAo 

k  0 

200 

10 

600 

2A0 

20 

200 

10 

650 

5Ao 

5o 

200 

10- 

700 

6Ao 

6o 

200 

10 

ISO 

6A0 

60 

2k 


The  higher  toxicity  of  the  1  form  of  dithinthreitnl  pre¬ 
vented  the  administration  of  2T>  mg.Ag.  The  results  obtained 
with  this  compound  in  irradiated  mice  are  summarized  in  Table  9* 

Table  9 

lack  of  Radiopretective  Activity  by  i.Dithiothreitel 

(DTT) 


Dose  of 

^-DTT 

/mg./kg.J 

•  T^me  of  L-DTT  H 
admin,  before 

..  x-rayj(mln-J_ 

Dose  of 
x-ray 

.....  Lr)  ... 

Mortality 

% 

Mortality 

120 

10 

625 

9./10 

90 

150 

10 

625 

9A0 

90 

150 

10 

650 

10A0 

100 

150 

10 

700 

10A0 

100 

150 

10 

750 

10A0 

100 

The  data  in  Table  9  show  that  1-dithiothreitol  provides  no  pro¬ 
tection  against  any  of  the  dose  levels  of  radiation  administered 
when  compared  with  controls* 

Proof  that  the  radioprotective  activity  of  racemic  dithio- 
threitol  is  accounted  for  by  the  action  of  only  one  of  the  enantio¬ 
mers  present  might  bo  obtained  directly.  Falconi  e_t  al.(ll) 
studied  racemic  DTT  at  a  dose  of  120  mg.Ag.  Halfr"of"That  dose 
should  provide  the  protection  attributable  to  one  ananticmer. 

Fy  administration  of  Dg-PTT  at  a  dose  of  60  jag, /leg.  with  exposure 
to  625  r  we  hoped  to  compare  cur  results  with  those  of  Falconi  ot 
al»  (11).  However,  this  low  dose  falls  outside  the  dose  range  oF 
protective  activity  using  mortality  a3  the  end-point  for  Dg-DTT. 

Yet  we  sho'ied  that  by  using  pure  Dg-DTT,  one  removes  the  toxicity 
attributable  to  the  Lg-DTT  and  can  thus  administer  higher  doses 
of  Dg-PTT  than  of  rac-PTT .  This  capability  results  in  protective 
activity  amounting  to  tj/ice  that  obtained  with  rac-PTT  against 
625  r  of  x-radiation.  Furthermore,  against  750  r  one  can  still 
achieve  Drotection  with"Dg-DTT  equal  to  the  best  obtained  with  rac- 
DTT  against  625  r. 

Falconi  et  al.  (11)  reported  that  the  oxidized  form  of  rac- 
DTT  is  more  effective  against  62$  r  of  x-radiation  than  rac-PTT 
itself  when  the  former  was  given  in  larger  doses.  Wfe  investigated 


the  radiation -protective  activity  of  both  oxidized  Lg-DTT  and 
oxidized  Dg-DTT  against  625-750  r  of  x-radiation.  The  rosults 
of  these  measurements  are  summarized  in  Tabic  10.  He  observed 
no  protoction  by  oither  oxidizod  enantiomer.  Our  irradiation 
conditions  were  admittedly  harsh  to  probe  the  limits  of  the  pro¬ 
tection  that  could  be  obtained  from  the  oxidized  form  of  DTT  and 
to  eliminate  the  inconclusivo  results  frequently  obtained  in  radi¬ 
ation  exporimonts  at  lower  radiation  doses  with  small  numbers  of 
animals . 

Table  10 

Radiation -Protective  Activity  of  Oxidized  Forms  of  DTT  in  Mice 


Compound 

Dose  of 
compound 

(mg.Ag.  )a 

Drse  of 
x-ray 
(r) 

Mortality 

%  Mortality 

oxidized 

200 

750 

10A0 

100 

Dg-DTT 

300 

625 

10A0 

100 

300 

650 

10A0 

100 

oxidized 

150 

750 

10A0 

100 

Lg-PTT 

200 

75o 

ioAo 

100 

3  00 

625 

9A0 

90 

300 

650 

ioAo 

100 

drugs  were  administered.  15  minutes  before  irradiation. 


The  most  interesting  data  presented  by  Falconi  and  co- 
••’orkers  (11)  concerned  the  ability  of  both  oxidized  and  reduced 
re.c-PTT  to  enhance  the  recovery  of  irradiated  mice  when  the  com¬ 
pounds  are  administered  after  irradiation  (11),  Cur  investiga¬ 
tion  of  the  recovery-enhancing  effects  of  Dg-DTT  and  the  two 
dithianes  is  summarized  in  Table  11.  Our  data  at  625  r  suggest 
that  administration  of  these  agents  3-fter  irradiation  docs  indeed 
cnhanco  recovery.  However,  against  700  r  or  greater,  Dg-DTT 
had  no  noticeable  effect  when  administered  after  irradiation. 
Since  Dg-DTT  protected  significantly  against  subsequent  irradia¬ 
tion  even  at  750  r  (Tabic  8)  its  radiation  protective  properties 
arc  of  greater  magnitude  than  its  ability  to  enhance  recovery. 


Table  11 


Recovory  Enhancing  Activity  of  Dg-DIT  and  Oxidized  Forms 
of  Lf-DTT  and  Dg-DTT  Given  to  Mice  aftor  Irradiation 


Compound 

Dose  of 
Compound 
(mg./lcg.  )a 

Dose  of 
x-ray 
(r) 

Mortality 

%  Mortality 

Dg-DTT 

200 

600 

8Ao 

80 

200 

625 

7  AO 

70 

200 

700 

ioac 

100 

200 

750 

10AO 

100 

Oxidized 

Lg-DTT 

300 

625 

8A0 

80 

Oxidized 

Dg-DTT 

300 

625 

8  AO 

80 

nAll  doses  were  given  10  minutes  after-  irradiation. 

We  also  compared  tho  effectiveness  of  Dg-DTT  and  mercap- 
toethylaminc  (MEA)  as  protoctivo  agents  under  strictly  com¬ 
parable  conditions  experimentally.  An  attempt  was  also  made 
to  ascertain  whether  i4EA  and  Dg-DTT  have  additive  protective 
effects.  The  rosults  of  those  measurements  are  sv;imarizod  in 
Table  12. 

Table  12 

Radioprotective  Activity  of  MEA  alone  and  in  Combination  With 

Dg-DTT  in  Mice 


Dose  of 

Dose  of 

Dose  of 

MEA 

Dg-DTT 

x-ray 

Mortality 

%  Mortality 

(mg.Ag. )  .  _ _ 

fmg./kg.y 

.  -M _ 

2  CO 

0 

65o 

27xCT 

20 

200 

0 

750 

UAo 

ho 

150 

0 

750 

7A0 

70 

i5o 

85 

750 

5A0 

50 

£jvegs  administered 

10  minutes  before 

irradiation 
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Comparison  of  the  protective  activity  of  MEA  with  the  re¬ 
sults  obtained  with  Dg-DTT  (Table  8)  showed  that  Dg-DTT  is 
approximately  equivalent  in  protective  activity  to  MEA  on  a 
molar  oquivalont  basis  or  two-thirds  as  active  on  a  weight 
basis,  ifhcn  attempts  were  made  to  combine  MEA  and  Dg-DTT, 
it  was  found  that  the  toxicity  is  additive.  It  was  necessary 
'  to  reduce  the  dose  of  MEA  to  150  mg.Ag.  plus  85  mg.Ag.  of 
Dg-DTT.  The  protective  activity  of  this  combination  is  greater 
than  when  MEA  is  given  alone  at  150  mg.Ag.  confiming  the  ability 
of  Dg-DTT  i^o  protect  mice  against  lethal  lovols  of  x-radiation. 

These  experiments  on  the  radioprotective  effect  of  dithio- 
threitol  show  the  importance  of  stereochemistry  as  a  rariablo 
affecting  chemical  radioprotection.  The  mechanism  of  action  of 
dithiothrcitol  as  a  radioprotective  agent  has  not  yet  been  de¬ 
lineated.  Ch  considering  the  various  mechanisms  of  action  that 
have  been  proposed  for  protective  thiols  and  in  attempting  to 
rationalize  the  difference  in  the  protective  activity  of  the  Lg- 
DTT  and  Dg-DTT,  no  conclusion  can  be  reached  at  this  time  regard¬ 
ing  why  one  onantimer  exhibits  protective  activity  while  the  other 
docs  not. 

It  is  possible  that  Lg-DDT  has  restricted  access  to  the 
primary  loci  of  action  at  which  Dg-DITT  affords  its  radiation 
protection,  A  restriction  could  be  imposed  upon  the  Lg-DTT 
molecule  in  one  of  several  ways.  Pharmacological  inactivation 
could  occur  in  the  form  of  stereoselective  nonspecific  binding 
to  plasma  proteins  or  to  ccll-manbranc  or  intracellular  consti¬ 
tuents,  Lg-DTT  would  thus  be  unavailable  to  afford  protection 
while  Dg-DTT  of  opposito  configuration  and  failing  to  meet  a 
stereochemical  requirement  for  binding  would  remain  active.  In 
their  study  of  protection  by  optically  active  2-aminobutyliso- 
thiourca  dihydrobranide,  Doherty  and  Shapira  (13 ),  using  labeled 
enantim'C*s  to  determine  intracellular  distribution,  found  sig-  e 
nificant  differences  in  binding  in  the  cellular  fractions  between 
the  enantiomers. 

Toxicity  of  radioprotective  agents  from  the  'iRAlF-  drug  dc- 
volopr-Tj  "rogram  alone  anS  in  comDination~"to  rats  and  mice. 

During  tFc  fist  year  emphasis'  hF.s~bccn  given  in  this  program  to 
measurer1'  nts  of  the  toxicity  of  a  few  of  the  boat  compounds  from 
the  WRAIR  drug  development  program  for  radioprotective  compounds. 

The  compounds  used  for  these  measurements  vrerc  WR  2721,  UR  638, 

WR  2822,  and  WR  2823.  MEA  and  PAPP  were  included  because  an  ul¬ 
timate  goal  was  to  determine  the  radioprotectivo  activity  that 
could  be  obtained  with  combinations  cf  the  radioprotective  agents . 

The  intraperitoncol  toxicity  of  these  compounds  to  mice  is  summarized 
in  Table  13*  Oral  toxicity  data  on  some  of  the  compounds  arc  also 
included , 


Table  13 


Acute  Toxicity  of  WRAIR  Protective  Agents  to 
Male  Mice 


Compound 

Route 

No,  of  Mice 

LDcJo  ±  S*~» 

(mg.Ag.) 

MEA 

Ip 

8? 

U51.9  i  3i*.  3 

WR  2721 

IP 

69 

1085.6  +  63  ,U 

WR  638 

IP 

62 

869,6  j  Ulr.8 

'WR  2822 

Ip 

7h 

573.3'  ±  31.6 

WR  2823 

IP 

83 

>87 .9  ±  11.1 

H3A 

oral 

38 

1919  ±  250 

\JR  2721 

oral 

50 

1825  i  175 

WR  638 

oral 

2700  i  300 

UR  2822 

oral 

50 

860  i  75 

WR  2823 

oral 

$5 

1U30  +  125 

The  five  compounds  listed  in  Table  13  did  not  exhibit 
high  toxicity  to  mice  by  the  intraperitoneal  or  oral  routes, 

Tho  loost  toxic  of  the  compounds  by  the  intraperitoneal  route 
was  VfR  2?21.  The  LTcJq  for  this  compound  was  nearly  one  gram 
per  kg  whereas  the  other  three  compounds  ('R  638,  WR  2822,  and 
WR  2823)  were  about  twice  as  toxic.  The  data  obtained  in  this 
study  provide  a  strict  comparison  of  the  toxicity  of  the  com¬ 
pounds,  Thus  all  compounds  were  dissolved  in  water  immediately 
before  administration  and  for  the  various  dcces  volumes  of  eolu*- 
tions  equivalent  to  1%  to  2%  of  the  body  weight  were  given. 

All  mice  were  the  same  age  (8  weeks)  and  they  were  housed  un¬ 
der  the  same  conditions  with  respect  to  diet  and  environmental 
temperature.  All  of  the  mice  wore  observed  for  30  days  after 
treatment  although  deaths  always  occurred  within  5  days  when 
due  to  the  drugs  alone.  By  the  oral  route  of  administration 
tho  compounds  were  2  to  U  times  less  toxic  than  when  given 
intraperitoneally. 

The  different  samples  cl  some  of  the  compounds  that  were 
on  hand  varied  considerably  in  their  toxicity  to  mice.  The 
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LDkq  of  an  old  sample  of  UR  2822  was  VI ,6  mg.Ag.  whereas 
the  values  for  new  samples  were  5?3  and  53i*  mg.Ag.  Differ¬ 
ent  samples  of  ’JR  2721  and  WR  638  did  not  show  differences  in 
toxicity.  However,  WR  2823  did  shot;  differences  in  that  the 
LD0O  for  an  old  sample  was  271*  mg.Ag.  as  compared  with  a  value 
of  1*88  mg.Ag.  for  a  new  sample  (jfr.  87950).  It  s-cms  probably 
that  there  was  a  difference  in  toxicity  of  these  samples  at  the 
time  of  their  arrival  because  they  were  all  refrigerated  under 
identical  conditions  after  arrival. 


Accurate  IDcjo  values  for  these  compounds  wore  also  de¬ 
termined  in  rats.  The  results  of  these  measurements  are  su  pr¬ 
ized  in  Table  11* , 


Table  U* 

Acute  Intraperitoneai  IBcq  of  WRAIR 
Compounds  to  Male  Rats 

Protective 

Compound 

No.  of  Rats 

uv0  ±  s.  e. 
(mg.Ag.) 

MEA 

21* 

226.1*  +  11*  .9 

WR  2721 

30 

695 Ji  *  36.3 

m  638 

28 

600. C  +  25.0 

WR  2822 

21* 

261.6  j  7.8 

UR  2823 

28 

250.0  +  18.0 

A  comparison  of  the  data  in  Table  13  and  11*  show  that  there 
are  considerable  differences  between  rats  and  mice  in  their  sus¬ 
ceptibility  to  the  acute  toxicity  of  all  four  of  the  WRAIR  com¬ 
pounds  and  MEA .  Rats  were  about  twice  as  susceptible  as  mice. 

Before  radiation  protection  studies  were  carried  out  with 
combinations  of  these  compounds,  the  toxicity  of  combinations 
of  the  agents  was  measured  in  mice.  For  these  measurements 
groups  of  10  mice  were  given  150  ng.Ag.  of  MEA  and  20  mg.Ag. 
of  PAPP  intraperitoneally  and  this  was  followed  iannediately 
af ton-yards  by  various  doses  of  the  ’HAIR  protective  agents. 

In  this  manner  it  was  possible  tc  tell  whether  the  combination 
of  the  WRAIR  agent  and  MEA  and  PAPr  rosulted  in  additivo,  more 
than  additivo,  or  less  than  additivo  toxicity.  The  interest  in 
this  type  of  experiment  lies  in  the  fact  that  combinations  se¬ 
lected  for  practical  use  will  probably  always  contain  MEA  be¬ 
cause  of  its  relatively  low  toxicity  among  synthetic  thiol  de¬ 
rivatives  and  its  availability  at  a  low  expense. 
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Table  1$  summarizes  the  results  of  toxicity  tests  on  combina¬ 
tions  of  HEA >  PA.PP,  arid  WR4.IR  compounds. 

Table  15 

Intraperitoneal  Toxicity  of  VJRA.IR  Compounds  Alone  and  in  Com¬ 
bination  with  MRA  and  PAPP'to'  Mice^  "J 


\JSkTR 

D036  Of 

PAPP 

HEA 

% 

Compound  No. 

’/PAIR 

Compound 

(mg.Afe.) 

Ufc.Ag) 

ifortality 

Mortality 

(mg.Ag.) 

- -  — 

— - -  -  -  -  -  - 

• - -  •  -  —  — 

■  •  - 

2822 

150 

20 

1^0 

2  AO 

20 

2322 

200 

20 

150 

UAO 

Uo 

2822 

300 

20 

150 

8/8 

100 

2822 

I4OO 

20 

150 

9/9 

100 

2822 

500 

20 

100 

10/10 

100 

2823 

150 

20 

150 

1A0 

10 

2823 

200 

20 

150 

3  Ao 

30 

2823 

250 

20 

150 

5  Ao 

50 

2323 

300 

20 

150 

?Ao 

70 

2823 

U00 

20 

150 

10  AO 

ICO 

638 

200 

20 

150 

1A0 

10 

638 

250 

20 

150 

5A0 

50 

638 

300 

20 

150 

9Ao 

90 

638 

loo 

20 

150 

8/8 

100 

2  721 

200 

20 

150 

OAO 

0 

2721 

250 

20 

150 

3A0 

30 

2721 

300 

20 

150 

5Ao 

50 

2721 

Uoo 

20 

150 

8A0 

80 

2721 

500 

20 

150 

10A0 

100 
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Combinations  of  tho  WRAIR  protoctivo  agonts  with  MEA  and 
TAPP  reduced  tho  dose  of  the  'RAIR  protective  agent  that  could 
bo  tolerated  rather  markodly.  The  results  clearly  indicatod 
that  not  as  much  protective  activity  could  be  obtainod  with  tho 
combination  of  tho  throo  chamicals  than  if  the  toxicity  was  not 
additive . 

A  rather  high  fraction  of  tho  lethal  dose  of  PAPP  is  always 
necessary  to  reduce  radiation  lethality,  ’b  were  interested  in 
measuring  tho  amount  of  increase  in  toxicity  of  the  tfRAIR  agent 
if  the  PATT  was  canittod  from  the  mixture.  Table  16  shows  tho  cotu- 
binod  toxicity  of  MEA  and  fchr  KHA  Hi  compound*  f  ivua  intraperiton- 
onlly  to  mice. 


A  number  of  experiments  conducted  on  irradiated  mice  showed 
that  1-EjV  and  ’!R  2721  gave  more  pi-otoction  than  could  be  achieved 
by  either  agent  alone.  Tho  amount  of  protection  could  be  varied 
by  changes  in  tho  concentrations  of  either  protective  agent.  The 
higher  th^  1 H  2721  concentration  was  in  tho  mixture,  the  lotror  was 
the  toxicity  to  mice.  Very  similar  results  were  obtained  with 
MEA  and  UR  638. 

Table  16 


Intraperitoneal  Toxicity  of  UFA  HI  Compounds  and  MEA  to  Mice 


tJRAlR  "Compound  No.  Dose  oTTRA  tR  "*  'Doso  of  MEA  % 

_ Compound  (mg.Ag.)  (mg .Ag.) _ Mortality  Mortality 


2822 

2C0 

2822 

300 

2822 

loo 

2822 

500 

2823 

200 

2823 

300 

2823 

loo 

2823 

500 

2823 

600 

638 

300 

638 

loo 

638 

500 

638 

600 

638 

700 

2721 

700 

2721 

1000 

2721 

1300 

150 

0/10 

0 

150 

o/lo 

0 

15C 

2  AO 

20 

150 

0A0 

0 

150 

0A0 

0 

150 

0A0 

0 

150 

0A0 

0 

150 

0A0 

0 

150 

IAO 

uO 

150 

0A0 

0 

150 

3A0 

30 

150 

5Ao 

50 

150 

9/20 

15 

150 

9Ao 

90 

150 

0  Ao 

0 

150 

0/6 

0 

150 

2/6 
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The  data  in  Table  16  clearly  show  that  there  is  very  little 
additive  toxicity  between  MEA  and  the  WRA1R  protective  compounds • 
Thus  it  is  likely  that  these  protective  agonts  will  give  more 
radiation  protection  than  can  be  achieved  with  either  agent  alone. 
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IV.  Conclusions 

This  program  was  initiated  to  screen  miscellaneous  chemical 
compounds  for  radioprotective  activity.  Tho  program  was  confined 
to  screening  until  8,000  compounds  had  gone  through  the  tests. 

Of  theso  1|89  showod  protective  activity  (17$)  in  groups  of  6  mice 
given  750  r  of  x-ray.  or  1.96$  protected  33$  of  tho  mice 
and  82  or  1,02$  protected  more  than  33$  of  the  mice* 


The  protective  agents  from  tho  screening  program  that 
afforded  protection  to  more  than  33$  in  tho  initial  screening 
trial,  formed  the  basis  for  a  smaller  research  effort  during 
the  past  U  years .  The  compounds  from  tho  screening  program  that 
consistently  gave  at  least  33$  survival  (28  compounds)  wore  sub¬ 
jected  to  more  intensive  study.  Careful  PRF  values  were  deter¬ 
mined  for  each  of  those  compounds.  The  radioprotective  activity 
of  tho  compounds  was  further  explored  by  ro.ulri.ning  them  with  mei*- 
captor thylauino  (MEA),  p-aminopropi  pphouone  (PAPP)  and  both  MEA 
and  PAPP.  A  group  from  the  KRAJR  synthesis  program  with  known 
radioprotective  activity  wore  made  available  to  us  for  inclusion 
in  this  study.  Various  combinations  from  the  URAIR  program  and 
eur  screening  program  wore  studied  to  find  combinations  with  rela¬ 
tively  high  activity. 


Following  thorough  studios  on  tiio  radioprotective  activity 
of  the  compounds  from  the  screening  rivgram  alone  and  in  combina- 
M.-ns,  amphas is  in  the  pwogi*am  6hiftod  to  a  limited  effort  deal¬ 
ing  with  factors  that  influence  :v*di  .'protective  activity  aiiiong  sus¬ 
ceptible  tissues,  and  the  tooriolty  of  the  compounds  (3). 


It  is  nnt.i.di-a'.ca  that,  tho  best  protective  compounds  from  the 
Wtyninx  program  here  as  well  as  those  from  the  IvRAIR  will  be 
subjected  to  raich  more  intensive  study  at  some  time  in  the  future. 
was->  thoixif ore ,  eourludod  that  accurate  toxicity  data  on  the 

frnir+hdS  Sh°u3f  bc  on  hand  for  at  lcast  ono  species.  Compounds 
irom  the  screening  pi-oeram  in  this  laboratmy  varied  widely  in 

chemical  structure  and  in  acute  toxicity.  They  offer  a  wide 
Ttud°ty  °f  possibilitics  for  structure -activity  and  mechanism 


Maximum  protection  by  each  of  the  28  best  compounds  from  our 
screening  program  was  detemined  after  accurate  Uw  values  and 
the  optimum  time  of  administration  were  determined'0  When  2k  com - 
pounds  from  ou  -  screening  program  were  tested  in  combination  with 
MEA,  20  of  them  produced  more  protection  than  when  tested  alone. 
The  compounds  from  our  screening  program  were  noxt  studied  in 
combination  with  MEA  and  PAPP.  In  all  instances  the  DRF  values 
were  greater  than  for  MEA  and  PAPP  (2.15)  which  was  the  control  for 
this  experiment .  The  greatest  protective  effect  was  obtained  with 

S'JS  Ih  2822v,  v?  2822  ls  actually  fror.1  the  URAIR  screen¬ 
ing  of fort  and  the  combination  gavo  DRF  valuos  of  3.27  and  3.12. 
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The  radioprotoctivo  activity  of  aminothiol  derivatives 
is  usually  limited  to  their  ability  to  protect  tho  hemato¬ 
poietic  tissues  or  intestino.  Thus  catogorizing  protective 
agents  in  this  manner  chould  groatly  aid  in  developing  effec¬ 
tive  combinations.  In  this  study  biochemical  procedures  were 
developed  for  measuring  the  protective  activity  of  various 
drugs  to  the  intestine  (2,3).  and  sploon  (3)  of  mico.  Com¬ 
pounds  available  to  the  program  wore  selected  for  protection 
of  spleen  or  intestine  and  given  in  combinations  of  two.  In 
these  experiments  the  compounds  capable  of  providing  tho  best  ,  * 
protection  to  the  two  BJ'S  terns  provided  the  best  survival  for 
irradiated  animals • 

A  limited  amount  of  work  was  done  on  tho  offocts  of  in¬ 
hibition  or  stimulation  of  drug  metabolism  on  the  activity  of 
radioprotective  agents.  Some  of  the  protective  agents  undergo 
typical  drug  metabolism  changes  before  or  after  exerting  their 
protective  activity.  T-lion  wo  altered  the  activity  of  theso 
enzymes  the  protective  activity  of  the  drugs  was  frequently 
altered. 

A  small  fraction  of  tho  efforts  of  this  program  doalt  with 
confirming  reports  from  other  laboratories  on  protoctivo  activity 
of  chemical  compounds .  During  this  study  a  report  by  Falconi 
et  al  (11)  came  to  our  attention.  These  investigators  reported 
tKa'ETthey  obtained  l-adicprotcotion  when  they  gave  dithiothreitol 
before  or  after  radiation  and  in  either  tho  oxidized  or  reduced 
forms.  rfc  did  observe  that  the  reduced  form  of  dithiothreitol 
given  vadintiou  oxpotmiv  provided  some  protective  effect. 

Toxicity  studies  with  the  WRAIR  compounds  revealed  that  they 
are  of  relatively  low  toxicity  to  mice,  but  that  rats  aro  about 
twice  as  susceptible.  Combination  of  the  WRAIR  compounds  with 
both  MEA  and  PAPP  markedly  reduced  the  amount  of  WRAIR  compound 
that  could  be  tol crated  by  mico.  Combinations  of  the  WRAIR  com- 
with  MEA  alone  gave  evidence  of  little  additive  toxicitj'’.  The 
protection  that  could  be  obtained  with  2  of  the  WRAIR  compounds 
(2721  and  638)  in  combination  with  MEA  was  greater  than  with 
either  agent  alone. 
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